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I (composition) containing a ferroelectric liquid crystal shows a layer Inclination angle b In 
viding a specific temperature dependence. The Inclination angle 5 Increases on temperature 
a mediate temperature and decreases on temperature decrease below the mediate tempera- 
n angle £ keeps a positive value in an ambient temperature or starts to increase again on 
■> decrease before it reaches zero degrees. The liquid crystal (composition) is usable for 
rystal device or apparatus with decreased temperature dependences of driving conditions and 
srature storage properties. 
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FIELD OF THE INVENTION AND RELATED ART 

crv^ZTJ™"* 0 ! rela,e8 * 8 " qu ' d CryS,al "WWon. and a liquid crystal device and a liquid 
crystal apparatus using the composition. More particularly the oresent imLiinn «i^e ^ » . , • "! 
s cry** c. m position proved in responsrveness £ an e^ot^L^^T^e S£S 
^ USinQ ** "•"P""" «se in a liquid ^stal d^TaZSTt 

fiB iH^ !?f 7T haVS biSteWe ^ °f f ««t ^ second stable states with respect to an electric 
field applied thsreto. For instance, the bistable liquid crystal molecules are ori^Zn l!^ ! 

of liquid crystal ,ias a property (bistability) of assuming either one of the two sStetoZ LT^^ n 
appljec hjtocme and retaining the resultant state in the absence of an ek^lKd 

an J^^^ - ^T??? Bd C J ar8CMs,ic °* ferroelectric liquid crystal has 

.ransrtion of orlenin JT SZSS^STJSS ifS JJS !!£ 10 

traction between dielectric anisotropy and TSSX^SL ^ *" to ^ 

~ * o^"OTiSl-a~ * « ^ - — ™* ri9 h, 

56 Mo = sin 2 40a sh 2 {And/\>, 

wherein 

lo : incident light intensity, 

I: transmitted light intensity, 

30 0& apparent tilt angle. 

An; refractive index anisotropy, 

d: thickness of the liquid crystal layer, 

X: wavetength of the incident light 
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that time was at most about a Ito 5 % ^ on the order of 3 - 8 degrees, and the transmittance at 

point between a r» ir of substrates 20a and 20b layera Z1 bent at a mid 

" CI JEmS - XT" St3teS deP ^. ndin9 ° n thB be " dinB directions 88 show " i" HJ» 2. including a 
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combination of an alignment film providing a high pretilt angle a and a liquid crystal is used, and the C2 
alignment stats does not occur at all when a specific liquid crystal is used, and (2) that, in CI alignment 
state, two stable states providing a high contrast (hereinafter inclusively called "uniform state") are formed 
in addition to hitherto-found two stable states providing low contrast (hereinafter inclusively called "splay 
s state") wherein liquid crystal directors are twisted between the substrates. 

These states can be transformed from one to the other by applying a certain electric field. More 
specifically, transition between two splay states is caused under application of weak positive and negative 
pulse electric fields, and transition between two uniform states is caused under application of strong positive 
and negative pulse electric fields. By using the two uniform states, it is possible to realize a display device 
w which is brighter and shows a higher contrast than the conventional devices. Accordingly, it is expected that 
a display with a higher quality can be realized by using a display device wherein the entire display area is 
formed in C1 alignment state and the high contrast two states in the CI alignment state are used as two 
states representing white and black display states. 

In order to realize CI alignment state without yielding C2 alignment state as described above, the 
16 following conditions are required. 

Referring to Figures 3A and 3B, directions in the vicinity of the substrates in the C1 alignment and C2 
alignment are disposed on cones 31 shown in Figures 3A and 3B, respectively. As is well known, as a result 
of rubbing, liquid crystal molecules contacting a substrate surface form a pretilt angle a (i.e., an angle 
formed by a substrate 20 and liquid crystal molecules 33). the direction of which is such that the liquid 
20 crystal molecules 33 raise a toward end up (i.e., spaced from the substrate surface) in the direction of the 
rubbing indicated by an arrow A (as shown also in Figure 2). From the above, it is required that the 
following relationships are satisfied among a cone angle 0 . the pretilt angle a and a layer inclination angle 
a (i.e., an angle formed by a normal 32 to the substrate 20 and liquid crystal molecular layers 21): 
(0> + 5 > a in C1 alignment and 
25 © - 6 > a in C2 alignment 

According the condition for preventing the formation of C2 alignment but allowing CI alignment is & 

- a < a. that is 



(8> < « + 5 (i). 
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Further, from simple consideration of a torque acting on a liquid crystal molecule at a boundary surface 
in switching from one position to the other position under an electric field, the relationship of a < 6 (ii) is 
given as a condition for easy switching of such a liquid crystal molecule at the boundary. 

Accordingly, in order to form the C1 alignment more stably, it is effective to satisfy the condition (ii) in 
35 addition to foe condition (i). 

From further experiments under the conditions of (i) and (ii), the apparent tilt angle 0a is increased from 
3 - 8 degress obtained when the conditions (i) and (ii) are not satisfied to 8 - 16 degrees when the 
conditions (i) and (ii) are satisfied according to the present invention, and also an empirical relationship of 
® > fla > (g//2 (iii) has been also found. 
40 As described above, H has been clarified that the satisfaction of the conditions (i), (ii) and (iii) provides a 
display device capable of displaying a high-contrast image (JP-A 3-252624). 

In order io stably form the C1 alignment state and also provide a good alignment characteristic, it is 
also very effective to perform cross-rubbing, that is, rubbing a pair of substrates in directions intersecting at 
an angle of 2 - 25 degrees. 

45 Incidental'/, a display apparatus using a chiral smectic liquid crystal can realize a large screen and a 
high resolute-* which by far exceed those attained by conventional CRT and TN-type liquid crystal displays. 
However, as screen size and resolution are increased, the frame frequency (frequency constituting one 
picture) becc-nes low. This leads to a problem that the picture-rewriting speed becomes slow and the 
motion picture display becomes slow, e.g., in cases of smooth scrolling and cursor movement on a graphic 
screen. A solution to this problem has been given in, e.g., JP-A 60-31120 and JP-A 1-140198. 

More specifically, there has been disclosed a display apparatus including a display panel comprising 
scanning electrodes and data electrodes arranged in a matrix, whole-area writing means for selecting all or 
a prescribed part of the scanning electrodes for writing and partial writing means for selecting a part of the 
above-menix -d all or a prescribed part of the scanning electrodes. As a result, a partial motion picture 
display can b 3 performed at a high speed by the partial writing mode, and the partial writing and the whole- 
area writing t n be performed compatibly. 

As descr :.' ->sd above, it has become clear that it is possible to realize a large-area and high-resolution 
display whic* can display high-contrast images at a high speed by incorporating a liquid crystal device 
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satisfying the coitions (i). <ii) and (iii) in the above-described display apparatus capable of performing the 
partial writing. B 

Thus, a fer -electric liquid crystal potentially has very excellent characteristics, and by making use of 
these propones, it is possible to provide essential improvements to many of the above-mentioned problems 
wrth the conventional TN-type devices. Particularly, the application to a high-speed optical shutter and a 
display of a h,.rt density and a large picture is expected. For this reason, there has been made extensive 
research with respect to liquid crystal materials showing ferroelectricHy. However, ferroelectric liquid crystal 
materials developed heretofore cannot be said to satisfy sufficient characteristics required for a liquid 
crystal device including tow-temperature storage properties, high-speed responsiveness, etc. 

In feet, wher, a liquid crystal device comprising a ferroelectric liquid crystal is used at a temperature 
range of 5 - 3a o. a temperature of the liquid crystal device per se becomes about 5 - 50 «C. In this case 
the ferroelectnc liquid crystal generally used shows a considerably large change in response speed with 
respect to temperature since the change in response speed largely depends upon a vfecoX of the 
ferroelectnc (.qu a crystal used. Thus, in the temperature range 5 - 50 «C. the response speed changes by a 
factor of about 10 - 15. so that such a change exceeds range of control by. e.g.. a driving voftagTat this 



Further, in case where a display apparatus with a large display area is put into a practical use. the 
display appar? ;:; is required to effect display under certain driving conditions (such as a certain applied 
voltage and a certain response speed) against a temperature distribution of several to ten and several °C 

20 over the display area. The conventional liquid crystal materials for use in a display apparatus have failed to 
meet the requirement since a temperature-dependence of the driving conditions is large 

According study of our research group, it has been found that two similar liquid crystal compositions 
containing compounds which are identical to each other except for a light difference in their chaintenoth 
can show substantially different temperature-dependences (especially at a lower temperature side) of 

as response speea even when their viscosities and spontaneous polarizations are not substantially different It 
has been also -f=und that the above phenomenon is attributable to the difference in temr*rature-depen- 
dence of layer inclination angle i in a temperature range where the temperature-dependence changes 
This is bee ; ,se that a larger layer inclination angle s provides a smaller net component in the direction 

« H^T ' 13 substrates 01 "» spontaneous polarization director and therefore results in a decrease in 
TT£ W ' t ' 1 an .f ernal etectric fieW - " a liQ .«"' d "VIM composition shows a layer inclination angle a 
which decrease w,th temperature decrease on a low temperature side where the temperafaffe-deomdence 

in Sp " ed ,e ". d 10 te intenSe ' the ,iquid Crys,al «™P<*ition can provide remarkable improvements 

«r temperature-oependence of response speed at low temperatures compared with a conventional liquid 
crystal compos; , on showing a monotonous increase in inclination angle with temperature decrease 
35 «™£ Ur . reS T :i 9 h° UP hM diSCk>Sed in U,S - Patent ^cation (Serial No. 979,812) that a value and a 
ZS££ f : 3nde "? " a ' ayer lnC,infl!i0ft anfl,e « <* a ,k > uW (composition) are controlled or 

I ™ T CryStel ccm f Muna3 «""n«i «herein. such as a skeleton structure, side chain 
tengths and an arhnrty of combination. In many cases, a type of a liquid crystal compound tending to 
prov.de a broc-. or smectic A temperature range changes the temperature dependence of l. More specifi- 

ferroelectnc l.q v;d crystal having shevron structure and a normal to a substrate, it is possible to provide a 

Snl-^t CSV ? 8 diSP ' ay aPparatUS ^ a dBcmasetS temperature dependence o> driving 
c^drtons by . nploying a liquid crystal composition showing ferroetericfty characterized by having a 
temperatore Dependence of the layer inclination angle 8 which increases on temperature decrease down to 
ton^Su^ " ratUrQ <i e "' 8 maximum) 8nd decrea8s on temperature decrease below the mediate 
According : , our further study, however, we have encountered the following new problem. When a 
liquid crysta c iC e us.ng a liquid crystal composition having a temperature dependence of S as described 
above is furtlu, cooled to a temperature (on a lower temperature side of SmC" phase) below an operation 
for service) te mature range as a display device. «he value of & becomes zero degrees, 1*7. layer 
structure .n s„ v=i,c phase is changed from a chevron structure to a bookshelf structure in some cases. 
Herein, a temp.; amre at this time is referred to as TSS*. 

inJUr""* 3 I ' d C(ySt3i C ° mp0Si,i0n used in me cr y steJ device, various properties such as a layer 
^nation angi, i. an apparant tilt angle Da (defined as a half of an angle between first and second extinct 
pratons). a co ,rast ratio C/R. and an alignment slate of liquid crystal molecules are changed when the 
"""I 08 * 0 ; ,S hS ! d 31 3 totow ™ and warmed to reach She operation^ 

2JI TS"- r 8 7*5? ^ Pf ° Pertie8 °* *• ,i0uid caTnot be 

restored to IK at an .mbal stage. Th« leads to deterioration in display characteristics of the liquid crystal 
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device using such a liquid crystal composition and poses a problem at the time of storage or use of the 
liquid crystal device at a low-temperature. 

A liquid crystal composition is considerably stable in a supercooling state when it is contained in a cell, 
so that the liquid crystal composition is not crystallized or localized even at a temperature below a melting 
5 point thereof in a bulk state in many cases. 

As described above, we have found that a critical value of a storage temperature at a low-temperature 
side is fixed fcy T<5S rather than fixed by the melting point. 

In the above-mentioned C1 alignment state, Le., a state where a layer inclination angle 5, a pretitt angle 
a, a cone angle @ , and an apparent tilt angle satisfy the following relationships ot©<a + 5, a>5and 
10 <f} > da > @/2; the above-mentioned changes in a contrast ratio C/R and an alignment state are noticeably 
observed. Herein, a change of an alignment state means: appearance of an alignment state showing a 
considerably iow contrast ratio not satisfying the condition of: <f} > fla > <Q>/2; occurrence of "streak 
defect" in the direction substantially perpendicular to a rubbing direction; and/or occurrence of "deviation of 
the darkest axis" wherein two parts of a liquid crystal in different two stable states before storage at low- 
is temperature becomes not equivalent after storage at low-temperature, Le., each of 0a or the direction of an 
axis of one extinct position (the darkest axis) with respect to the two parts which are caused to be placed in 
one stable stale of the two stable states is subtly different from each other. The deviation of the darkest axis 
is maintained even when the liquid crystal is heated to a temperature range of SmA. 

20 SUMMARY OF THE INVENTION 

An objec; of the present invention is to provide a liquid crystal composition effective for alleviating the 
temperature-dependence of driving conditions in a wide temperature range including room temperature and 
decreasing changes in a layer inclination angle 5, an apparent tilt angle 0a, a contrast ratio C/R and 
25 alignment states. 

Another object of the present invention is to provide a liquid crystal device and a display apparatus 
using such a liquid crystal composition. 

We have accomplished the present invention by using a ferroelectric liquid crystal composition 
characterized by showing a particular temperature characteristic of a layer inclination angle 6. It is possible 

30 to prevent tho above-mentioned change in an alignment state in an ambient temperature range by using a 
temperature dependence of the layer inclination angle 5 such that the layer inclination angle B increases on 
temperature decrease down to a mediate temperature and decreases on temperature decrease below the 
mediate temperature and then keeps a positive value in the ambient temperature range. 

It is also possible to prevent the above-mentioned changes in a contrast ratio and an alignment state 

35 even after a storage test at a temperature lower than the lowest temperature of an ordinary storage 
temperature range by using a temperature dependence of the layer inclination angle 5 such that the layer 
inclination ann'e a increases on temperature decrease down to a mediate temperature and decreases on 
temperature c'ecrease below the mediate temperature and then starts to increase again on further 
temperature decrease before it reaches zero degrees. 

40 According to a first aspect of the present invention, there is provided a liquid crystal composition 
comprising s ferroelectric liquid crystal and showing a layer inclination angle 5 in smectic phase, wherein 
the layer inclination angle 5 has a temperature dependence such that the layer inclination angle 5 increases 
on temperau re decrease down to a mediate temperature and decreases on temperature decrease below 
the medial 1 temperature and then keeps a positive value in an ambient temperature range. 

46 Accordiivr lo a second aspect of the present invention, there is provided a liquid crystal composition 
comprising g ferroelectric liquid crystal and showing a layer inclination angle 6 in smectic phase, wherein 
the layer inci nation angle 5 has a temperature dependence such that the layer inclination angle 5 increases 
on temper?/.:.73 decrease down to a mediate temperature and decreases on temperature decrease below 
the mediate temperature and then starts to increase again on further temperature decrease before it 

so reaches zero -agrees. 

Accorcir to a third aspect of the present invention, there is provided a liquid crystal device, 
comprising: r pair of substrates and a liquid crystal disposed between the substrates, each of the substrates 
having ther^cn an electrode for applying an electric field to the liquid crystal composition: 

wherein - liquid crystal comprising a ferroelectric liquid crystal shows a layer inclination angle 5 in 

55 smectic phpss. the layer inclination angle 8 having a temperature dependence such that the layer inclination 
angle 5 inches on temperature decrease down to a mediate temperature and decreases on temperature 
decrease is'y-v the mediate temperature and then keeping a positive value in an ambient temperature 
range. 
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angle 6 increases on temn^rahiro w^^^ ^ 

temperature dependence such that the layer inclination 
urease be.0,, mJ^SS£SZ^ 2^ «■ on temperature 

before it reaches zero degrees ^ 10 increase ^ ™ tofter temperature decrease 

substrates, eac > of the subsKe* hSo , fe ™ e,ec,nc ,k » uW ^ disposed between the 

orystel. the .uastaJ 22 i^TSST.; TJ*""? for an electric field to the . iquld 

« and a > t; 'ndination angle « m smectic phase satisfying relationships <*©<« + 

orient stj: Jssr: s mem 8,818 ■« * e ^ — — - 

the .ayer inclination ang le 5 h J a teTo^r ^JS? ^ of: © > fla > ©/* and 

incrcases on amperatu* Secreas? *w T toT^Tt ^ " UCh inc,inatfon «0"» « 

decrease be io,t,e mediate ternp^aL^ « -Wta. 

Accordino to a sixth aspect of ^ ?2™L e ^ f.^^ ^ in « ^biert temperature range, 
comprising: a p.ir of iT^^^l^^ 3 ^ *** 
between the su-jstratea each of the sub^Sf h^! * P ^ * ,8rroeiec,nc ''Quid crystal disposed 
the liquid crys*.. the su^VLTno^ IS2??i" * " 

axes inters^ each other at a pret^^o^o^S^irrr ** *** —* 

«) « and a > * ^ ' yer ,nClinM,0n 808,6 4 ,n 8mec « c Ph«^ satisfying relationships of: © < „ + 

angle), the at angte £i^e2Il£« ^l^ 9 ^ r**^ " «* tilt 

the .aver , .ciination angle 5 J Ta^oe^ e 8 rela * onsh 'P <* ® > <*> ©«;and 

35 increases on -mperatur* decreas? ^n ETr^Tf"* ** ^ ' ayer inc,ination « 
decrease belc tte mediate tSSL^dl* I^T- ,empe,atUre ****** on ^PeSture 
before it reach** zero degrees ^ 10 a9ain 00 further temperature decrease 

i-srs « o7rariitd pr ss^r : sr - - - ^ 

« device, and a : • : S0U rce. ^ devices, a driving circuit for the liquid crystal 

upor^, " SET SSTTk' th8 ^ inV8rti0n ^ ™* apparent 
taKen in conjun-;^ the a^ny^Sgs! ^ emb0d, ' men,S * ta »~ 

« BRIEF DESC ■P nCiN OF THE DRAWINGS 
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P^Zlri:. SCh8matiC SeCfc ^ ^ 01 M embod - e « * « crystal device according to the 
Figure 2 i n- ; . i.-i JS tration of CI and C2 alignment states 

Rgte 1 1 ^e?har s ho * ^ W«o comrder. 
cysJapU, .-"CISr C0rre,afiOn ^ imafl ° d8ta —ication between the liquid 

M crysS ^ r^Sr 9 temPeratUre ' dependenCe °' 3 ^ inc ^" ^r several Hquid 
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DETAILED DESCRIPTION OF THE INVENTION 

In me present invention, a term "ambient temperature range" means an operation (or service) 
temperature range or a storage temperature range at which a liquid crystal device (or apparatus) is actually 
used or in storage. Generally, an ambient temperature range varies a temperature range of about -30 °C to 
about 70 °c. Wore specifically, an ambient temperature range of a particular liquid crystal device (or 
apparatus) which will be used or stored in a specific area (or region) may be defined as an entire 
temperature range where the liquid crystal device (or apparatus) is exposed and also as a possible 
temperature range where a temperature at which the liquid crystal device is placed can be fluctuated. In the 
present invention, the ambient temperature range, for example, means an annual average minimum 
temperature +1Q °C, preferably the annual average temperature, in the specific area where the liquid 
crystal device is intended to be used or stored. As examples of a more specific value of the ambient 
temperature range, it is possible to adduce a temperature of 0 °C, preferably -10 °C. more preferably -30 
°C. 

In a preferred embodiment of the present invention, a,™ (i.e., a maximum of layer inclination angle 5) is 
at most 20 degrees, more preferably at most 15 degrees, so as to increase the picture-rewriting speed 
(frame frequency) of a display device. 

In order ;o realize the above-mentioned temperature characteristics of the layer inclination angle 5, the 
liquid crystal composition of the present invention may preferably comprise at least one indan-type 
compound represented by the following formula (I): 



halogen, or a linear or branched alkyl group having 1-18 carbon atoms capable of including one or non- 
neighboring two or more -CH 2 -groups which can be replaced with -0-, -S-, 



-CH = CH- o: -OC-, the linear or branched alkyl group being capable of including hydrogen which can be 
replaced wltt Fluorine; 

Xi and X 2 independently denote a single bond, -O-, 




wherein 



Ri anc' R; independently denote hydrogen, 




-CO-, -OC-, -C-, 

J! I If 

O 0 0 




-CH2O- or -OCK2-; 
Ai deno-:-ss 
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10 



1P>- -Q- IP- <>- <>-• o- 



is \ v 



or 



wherein Y t and Y 2 independently denote H, F, CI, Br, -CHa, -CF« or -CN; and X denotes 0 or S; 

A2 denotes a single bond or A2; and 
20 with the proviso that A t is not 



25 

when X1 is -COO- and Aa is a single bond. 

Preferred examples of the indan-type compound of the formula (I) may include those enumerated 
below: 

30 



35 



40 



46 
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X, ' Y ' 

Rr (0>-oc -<(?)>-* 




10 



15 



20 



Y, Y* 



25 

Rr 



30 




(OHO}-R 
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Jl— B, 
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15 



20 



25 



30 



35 



45 



50 



Rz 




Yi Y 




Yi Y a 




Wherein Ri and R2 independently denote a linear or branched alky! group having 1 - 18 carbon atoms 
capable of including one or non -neighboring two or more -CH2- groups which can be replaced with -0-, -S-, 
-COO-, -OCO-, -CO , -CH = CH- or -OC- and capable of including a hydrogen atom which can be replaced 
with a fluorine atom, 

55 The liquid crystal composition of the present invention may preferably contain 5 - 80 wt %. more 
preferably 10-80 wi. %. particularly 10 - 40 wt. %, of the above indan-type compound of the formula (I). 

Further, in order to realize a wider temperature range of SmCT including room temperature, easiness of 
controlling response speed, and the above-mentioned temperature characteristics, the liquid crystal com- 
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position may preferably comprise at least one of the above-mentioned indan-type compound of the formula 
(I) and at least one pyrimidine-type compound represented by the following formula (II): 



10 



wherein Ra and Rb independently denote a linear or branched alkyl group having 1 - 20 carbon atoms 
capable of including one or non-neighboring two -Chfe- groups which can be replaced with -0-, 



-CO- or -OC 

ii n 

15 0 0 



and the -CH Z - groups capable of including hydrogen which can be replaced with CI, F or -CF 3 ; and m and n 
20 are 0, 1 or 2 with ihe proviso that m+n = 1 or 2. 

Preferred examples of the pyrimidine-type compound of the formula (II) may include those enumerated 
below: 



25 
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35 



40 



45 



50 



55 
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30 



35 



40 



45 
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65 



Ra -^P>-®-0CH2 CHRb 



O 



CH 3 



Ra-^^^^-OCH 2 CHORb 



Wherein Ra and Rb independently denote a linear or branched alkyl group having 1 - IB carbon atoms 
capable of having a substituent including F etc. 
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15 



20 



* . /r\ n— n 



30 



H 5-0C z >-*4- 1 '6 (IV). 



"lis**" ft and n, independently denote a linear or bandied akyl group having 1 - 20 carbon am 



_ or 

50 



(3 



55 




Preferred examples of the mesomorphic compound of the formula (IV) may include those listed 



below: 
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s 




20 



25 



30 




OR, 



Wherein Rs and Re independency denote a linear or branched aJkyl group having 1 - 18 carbon atoms 
35 capable of having a substituent including F etc. 

" K 8 (V). 



r 7 -a 5 -: 

40 V 

Y 3 



wherein R7 denotes hydrogen atom, CI, F. -CF 8 , -CN. or a linear or branched alley! group having 1 - 20 
carbon atoms capable of including one or non-neiboring two -Clfe- groups which can be replaced with -O- 
<s -COO- or -OCO-; Ffe denotes a linear or branched alkyl group having 1 - 20 carbon atoms capable of 
including one or non-neighboring two -CH2- groups which can be replaced with -0-. -COO- or -OCO- As 
denotes ' 



GO 

or 



55 
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■O-: 



wherein Y* denotes hydrogen atom, fluorine atom, -CF3 or -CN; X3 denotes -COO- or -CH2O-; Ys denotes 
hydrogen atom or fluorine atom; and 2 is 0 or 1. 

Preferred e::amp:es of the mesomorphic compound of the formula (V) may include those listed below: 



15 



20 



25 



30 




O 



Wherein R 7 and R 3 independently denote a linear or branched alkyl group having 1 - 18 carbon atoms 
capable of having a substituent including F etc. 

In the ca- - where a liquid crystal device using a liquid crystal placed in C1 alignment stale providing 
45 two uniform slates is used, considerable changes in a contrast ratio and the alignment states due to teh 
above-mentioenti low-temperature storage are observed. 

Accordingly, ;h--s liquid crystal device according to the present invention may preferably comprise the 
above liquid crystal placed in CI uniform alignment state showing a temperature dependence of a layer 
inclination angle s in smectic phase such that 
so (1) the layer inclination angle s increases on temperature decrease down to a mediate temperature 
(providing s maximum) and decreases on temperature decrease below the mediate temperature and 
keeps a positive value in an ambient temperature range, or 

(2) the layer inclination angle B increases on temperature decrease down to a mediate temperature 
(providing a maximum) and decreases on temperature decrease below the mediate temperature and 
55 starts to increase again on further temperature decrease before it reaches zero degrees. 

Figure 1 is a schematic sectional view of a preferred embodiment of the liquid crystal device of the 
present invent- using a chiral smectic liquid crystal layer for describing a structure of the liquid crystal 
device utilizinc 'vrrc electricity. 
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Referrir -a Figure 1, the liquid crystal device includes a chiral smectic liquid crystal layer 1 disposed 
between a ; < of glass substrates 2 each having thereon a transparent electrode 3 and an insulating 
alignment co.-.tiol layer 4. Lead wires 6 are connected to the electrodes 3 so as to apply a driving voltage to 
the liquid crystal layer 1 from a power supply 7. Outside the substrates 2, a pair of polarizers 8 are 
5 disposed so ss to modulate incident light lo from a light source 9 in cooperation with the liquid crystal 1 to 
provide modulated light I. 

Each of two glass substrates 2 is coated with a transparent electrode 3 comprising a film of IfeOs, 
SnCfe or ITO { ; nd^m-tin-oxide) to form an electrode plate. Further thereon, an insulating alignment control 
layer 4 is fcrned by rubbing a film of a polymer such as polyimide with gauze or acetate fiber-planted cloth 

io so as to a!:, n Jhe liquid crystal molecules in the rubbing direction. Further, it is also possible to compose 
the alignme ' ccnaol layer of two layers, e.g., by first forming an insulating layer of an inorganic material, 
such as s ! ::n nitride, silicon nitride containing hydrogen, silicon carbide, silicon carbide Containing 
hydrogen, silicon oxide, boron nitride, boron nitride containing hydrogen, cerium oxide, aluminum oxide, 
zirconium o;; :;a, titanium oxide, or magnesium fluoride, and forming thereon an alignment control layer of 

75 an organic insulating material, such as polyvinyl alcohol, polyimide, polyamide-imide, polyester-imide, 
poryparaxylylene, polyester, polycarbonate, polyvinyl acetal, polyvinyl chloride, polyvinyl acetate, 
potyamide, polystyrene, cellulose resin, melamine resin, urea resin, acrylic resin, or photoresist resin. 
Alternatively , it is also possible to use a single layer of inorganic insulating alignment control layer or 
organic insi ! ting alignment control layer. An inorganic insulating alignment control layer may be formed by 

20 vapor depo:;; ion, while an organic insulating alignment control layer may be formed by applying a solution 
of an organic insulating material or a precursor thereof in a concentration of 0.1 to 20 wt %, preferably 0,2 - 
10 wt % ( b - ■ oin.ier coating, dip coating, screen printing, spray coating or roller coating, followed by curing 
or hardeninr ; 'nc;,:r prescribed hardening condition (e.g., by heating). The inorganic insulating layer may 
have a thicir c f ordinarily 30 A - 1 urn, preferably 40 - 3000 A, further preferably 40 - 1000 A. 

25 The two ryass substrates 2 with transparent electrodes 3 (which may be inclusively referred to herein as 
"electrode r ^es '} and further with insulating alignment control layers 4 thereof are held to have a 
prescribed i ?r ;iirary) gap with a spacer 5. For example, such a cell structure with a prescribed gap may 
be formed i - ?an : -wiching spacers of silica beads or alumina beads having a prescribed diameter with two 
glass plates, r an sealing the periphery thereof with, e.g., an epoxy adhesive. Alternatively, a polymer 

30 film or glar- no may also be used as a spacer. Between the two glass plates, a chiral smectic liquid 
crystal is s&"'d <,-o to provide a ferroelectric liquid crystal layer in a thickness of generally 0.5 to 20 urn, 
preferably J . :o 5 mm. 

It is 6ec:'r r-t the liquid crystal 1 has an SmC phase (chiral smectic C phase) in a broad temperature 
range indue ; 3 room temperature, particular at a lower temperature side thereof, and provides a device 
35 showing a b; r J drive voltage margin and a broad drive temperature margin. 

Further, :-\ order to show a monodomain state in a good alignment characteristic in a device, it is 
preferred ti ; i -he liquid crystal has a phase transition series of isotropic - Ch (cholesteric) phase - SmA 
(smectic A) . se - SmC* (chiral smectic C) phase. 

The trr ::rr.:.; electrodes 3 are connected to the external power supply 7 through the lead wires 6. 
40 Further, ou: 3 i;-.e glass substrates 2, polarizers 8 are applied. The device shown in Figure 1 is of a 
transmissio; p??. 

A liquid 0 J. apparatus according to the present invention may include the above-mentioned liquid 
crystal devi : . ? t'riving circuit for the liquid crystal device, and a light source. 

A liquic yste: apparatus may be constituted by using the liquid crystal device of the present invention 
46 for a display ?;nc! and by adopting an arrangement and data format comprising image data accompanied 
with scanning tine address data and also a communication synchronization scheme using a SYNC signal as 
shown in Fi; ; *. and 5. 

Image rrs generated in a graphic controller 102 in an apparatus body and transferred to the 
display pa; 'C? (illuminated with a backlight (not shown)) by signal transfer means shown in Figures 4 

go and 5. The ; ^hh controller 102 principally comprises a CPU (or GCPU, central processing unit) 112 and a 
VRAM (vid ,Y , image data storage memory) 114 and is in charge of management and communication 
of image ci ^ aen a host CPU 113 and the liquid crystal display apparatus (FLCD) 101. The control of 
image dis?: cr :rding to the present invention is principally accomplished by the graphic controller 102. 
Incidental!/. ; ght source is disposed at the back of the display panel. 

55 The vc - 0; cone angle © , apparent tilt angle da layer inclination angle 5, contrast ratio C/R and 
pretirt angle referred to herein are based on values measured according to the following methods. 
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Measurement " cons angle ® 

An FLC (ferroelectric liquid crystal) device was sandwiched between right angle-cross nicol polarizers 
and rotated horizontally relative to the polarizers under application of an AC voltage of ±30 V to ±50 V and 
s 100 Hz between the upper and lower substrates of the device while measuring a transmittance through the 
device by a p'.-otomultiplier (available from Hamamatsu Photonics K.K.) to find a first extinct position (a 
position providing the lowest transmittance) and a second extinct position. A cone angle © was measured 
as a half of the tngie between the first and second extinct positions. 



70 Measurement . apparent tilt angle da 



An FLC dsvise sandwiched between right angle cross nicol polarizes was supplied with a single pulse 
of one polarity speeding the threshold voltage of the ferroelectric liquid crystal and was then rotated under 
no electric fie' horizontally relative to the polarizers to find a first extinction position. TTien. the FLC device 
75 was supplied \ vith a single pulse of the opposite polarity exceeding the threshold voltage of the ferroelectric 
liquid crystal £ d was then rotated under no electric field relative to the polarizers to find a second extinct 
position. An a; a; eni tilt angle fla was measured as a half of the angle between the first and second extinct 
positions. 



20 Measurement !ay-,r inclination angle 5 
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: jso:J was basically similar to the method used by Clark and Largerwal (Japanese Display 
Oct. 2, 1986, p.p. 456 - 458) or the method of Ohuchi et al (J J A P., 27 (5) (1988). p.p. 725 - 
■■irement was performed by using a rotating anode-type X-ray drffractometer using CuKb X- 

: onn MAC Science) as a measurement apparatus. An 80 um-thick glass ('Micro Sheet" 
Oorn i g Glass Works) was used as a glass substrate in order to minimize the X-ray 

the nfass substrate, otherwise an ordinary step of forming a liquid crystal cell was 

:c:.ii,\ in order to obtain a gap or distance between liquid crystal layers, a bulk liquid crystal 
3 a : ample glass. The gap was obtained by effecting 20/0 scan in the same manner as in 
mrac'cisn analysis. A layer inclination angle 5 was measured in the following manner. A cell 
c;0 urn was prepared by using a pair of the above-mentioned 80 um-thick glass substrates 
uprising a 80 um-thick glass identical to the above substrates. The cell was filled with a 
a temperature of isotropic liquid and then gradually cooled while applying a magnetic field 
^recUon parallel to the substrates in an electromagnet, thus preparing a sample cell which 
:; 3d \o a homogeneous alignment treatment An X-ray detector was set to a diffraction angle 
abc -o-obtained layer gap and then the sample cell was subjected to Q scan, thus obtaining 
en sngle fi according to the above-mentioned method. In the case where the above- 
:3;-c -Cy aligned 80 um-thick cell is changed to a cell having a cell gap of 12 urn prepared 
: v-i film (LP-64, available from Hitachi Kasei Kogyo K.K.) and rubbing the alignment film, 
' o':; .in values of a layer inclination angel 5 in the temperature range of -20 to 60 °C 
niicai ;o those measured by the above-mentioned method. When alignment films SP-710 
; oro :ded values of 6 substantially identical to those in the case of the alignment film LP-64. 
o alignment films SP-710 and SP-510 provided a pretilt angle a of 1 to 3 degrees. 
Lament film LQ-1802 (available from Hitachi Kasei Kogyo K.K.) was used instead of 
- l: ? -*34, the alignment film LQ-1802 provided a pretilt angle a of 8 to 25 degrees and also 
: j yy. of 6 than those measured by using the magnetically aligned cell or the alignment film 
i ! : ee3. In this instance, the values of « are inherent in the liquid crystal cells used, 
i ; 'ed in Examples and Comparative Examples (including Reference Example 1) mean 
;ing the above-mentioned magnetically aligned 80 um-thick cell unless a particular 
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.nc w 



the following relationship between a layer inclination angle 5, a gap do between SmC* 
"a between SmA layers (""Chevron" Local Layer Structure in Surface-Stabilized 
3 Cells", Phys. Rev. Left., 59, p. 2658 (1987): 



18 



EP0 571 955 A1 



10 



16 



20 



Measureme , 

A liquid 
tally relative; 
between the 
by the above 
Then, the 
correspond:;-.; 
O/H was rne 
position (i.e. 



sSrast ratio C/R 



vpper and lower substrates of the devi<JwwiA m-lZ PP (dnvino wave fQm ) 

h a oark state). ° * 81816 to 1,16 0u ^ A v0,ta 9 e * the first extinct 



Measurems:,-. of p .-stilt angle , 



The me, 
Phys. vol. 1 

More s,?^cific 
SmA phase 
crystal ("Cr: 
formula: 



25 



30 



For ms- 
and includin 
a helium- n,r 
rotation p'c; t 
measured ir 
the polarise -; 

A preti:: 
transmitted ; 



40 



46 



and 



cos f ~( ■ r -~ 

Ne 2 -No 2 
N 2 (a) sina c «>ea sin<*)] 



sin 2 0 



50 



55 



N(ar) = Vl^ 

wherein No 

ray, 4> dene 
the cell thic" 

Herein:- 
present in^r. 

In Exar 
X were con. 
compound ' 
liquid cryc': 



+ Ne^sin z a (b), 

»l^oT^« sr^trr 8 



19 



EP0 571 955 A1 

proportions irr'i ;r,Lsr; below. 
(Composition !; 
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(Composition I£) 

Structural formula wt. parts 

C 3 H 17-<^§)-OC 10 H 21 8 



10 



16 



20 



25 



35 



40 



46 



50 



66 



C iO H 21^<g)-OC 8 H 17 



C 6 H 13^OjH^OC 10 H 21 



30 /XN 



?- : 15-<§><0^OC 9 H 19 
C 8 H 17^K0>' OC 6 H 13 
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C 10 H 21-<^K§>-OCH 2 -CHC 7 H 17 10 

(Composition ]\) 

Structural formula wt. parts 



F 



"6 '13 
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The liquid r -ystel compositions A to L and X showed the phase transition series indicated in Table B. A 
total weight > or \he indan-type compounds and a total weight parts of the pyrimidine-type compounds 
were also show ? in Table B. Further, the compositions A to L and X had a temperature dependence of a 
shown in Figure 5-8, respectively. 
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The liquid <; ysid compositions A to L and X showed the phase transition series indicated in Table B, A 
total weight pe :s of the indan-type compounds and a total weight parts of the pyrimidine-iype compounds 
were also show:-, in Table B. Further, the compositions A to L and X had a temperature dependence of i 
shown in Figure ; 5 - 6, respectively. 

35 



40 



45 



60 



65 



26 



EP0 571 955 A1 



io 



16 



20 



25 



30 



£3 

a 1 



35 



40 



46 



0) 

>i 
+> 
I 

c 



05 

a 



a. s 

>i o 



0J 








>f 


-P 




U 


) 




c 


• a 




CL • 




B -P 


d 


O S 


H 


o ~ 



o 
w 



■Oi 
4-1 



C CO 



c 
o 
o 



j £ 



t'7 

fit 



c/1 



>i 



* 



cm 

tn 



en 



o 



CM 



CN 



GO 



CN 



1 JT-H 



CN 

J" 



G 

CO 



I* 



CO 



I- 

* in 



IcN 



•in 



12 



CN 
■ m 



I- 



|2 



CO 

w 



I- 



1^- 



si 



in 



3 



3 



si 



if 



CP 



fa 



GO 



55 



27 



EP0 571 955 A1 



10 



16 



20 



30 



35 



40 



46 



4-> 

o 
o 



E-t 



O 

in 



3 



Is 



00 

Jo 



J2 

* in 



3 



i\ 



(a,' 



.€0 



1^ 



te 



9 



Reference Exar r oie ■ 

so 

A commerc>J!y available liquid crystal composition CCS-1017", manufactured by Chisso K.K.) showing 
an ordinary ternera^re-dependence of layer inclination angle a (i.e„ showing a monotonously decreasing 
inclination angle on temperature decrease) was subjected to measurement of layer inclination angle a, 
whereby the exposition CS-1017 showed the temperature-dependence of layer inclination angle 6 - 
65 (degrees) as m^sured by the above-mentioned X-ray diffraction analysis as follows: 
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Table 1-1 



Layer Inclination angle & (degrees) 



! L.C. 


Temperature (°C) 




-10 


0 


10 


20 


30 


40 


50 


C3-1017 


25.3 


25.1 


24.6 


23.9 


22.6 


20.3 


16.8 



Two 0.7 nim-thic!; glass plates were provided and respectively coated with an ITO film to form an 
electrode lor o!tc : o application, which was further coated with an insulating layer of vapor-deposited SiOs. 
The lnsulatr„ layer was further coated with a 0.2 % isopropyl alcohol solution of silane coupling agent 
("KBM-602" available from Shin Etsu Kagaku K.K.) by spin coating at 2000 r.p.m. for 15 sec., followed by 
drying at °C for 20 min. The glass plate thus treated was further coated with a 1.5 %-solution of 
polyimido re: ;: ; precursor (SP-510, available from Toray K.K.) in dimethylacetoamide by a spinner coater 
rotating at 2>: CO ran for 15 seconds. Thereafter, the coating film was subjected to heat curing at 300 °C for 
60 m!n. to oclrin about 250 A-thlck fllm. 

The coaWig film was rubbed with acetate fiber-planted cloth. The thus treated two glass plates were 
washed with oprcpyi alcohol. After silica beads with an average particle size of 2.0 urn were dispersed on 
one of the r/*ss piates, the two glass plates were applied to each other with a bonding sealing agent 
("Lixon Bond , available from Chisso K.K.) so that their rubbed directions were parallel to each other and 
heated at 1C( °0 or 60 min. to form a blank cell. The cell gap was found to be about 2.0 nm as measured 
by a Berek c"..npe;isator. 

Then, tho ^bovs-prepared liquid crystal composition CS-1017 was heated into an isotropic liquid, and 
injected into \3 above prepared cell under vacuum and, after sealing, was gradually cooled at a rate of 20 
°C/hour to 2: :: 'C \ '.) propare a liquid crystal device. 

The liquid crys-lai device thus prepared was subjected measurement of response characteristic by 
applying a p — ,'v-to-psak voltage Vpp of 20 volts to measure a time of causing a transmittance change of 0 - 
00 % under : ^ angle cross nicofs (hereinafter referred to as optical response time). The results are shown 
below. 



Table 1-2 



L.C. 


Optical response time (usee) 


Temp, factor f °/40 




10°C 


20°C 


30°C 


40°C 




cs--; 017 


825 (2.5) 


325(1.8) 


180 (1.8) 


100 


8.25 



a factor (temperature-dependence factor) f 1(M *° means a ratio of optical response time at 10 
ons? tine at 40 °C, and the values in the parentheses represent temperature (-dependence) 

; 'ncrrnvDnis, i.e., f 10 * 0 , f 20 ' 90 and f 30 " 0 . in order. 

;>J crys ai devices were prepared and evaluated in the same manner as described above 
i; r v C crystal composition CS-1017 was changed to the liquid crystal composition B, D, J 

"vei-;. 

'. a"" or >wn below. 



Temper? 
°C/opticaI re 
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except that 
and K, resp 

The res f 
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Table 2-1 



5 


L.C, ! 

i 

f- 


optical response time (psec) 
10°C 20°C 30°C 40°C 


Temp, factor 
f 10/40 


10 


B I 


142 103 78 59 
(1.38) (1.32) (1.32) 


2.41 


15 


D 

f 


182 138 100 72 
(1.32) (1.38) 1.39) 


• 2.53 


20 


j 


211 128 95 70 
(1-65) (1.35) (1.36) 


3.01 


25 


K 


140 103 77 61 
(1.36) (1.34) (1.26) 


2.30 



30 



35 



Further, 
crystal compos 
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maximum folic, 
temperature-de 
nously increase 
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:; n ? R th " ^Pf^^pendence of layer inclination angle 5 with respect to the liquid 
i^ns B, D, J and K was shown in Figures 6 and 8, respectively. 

^tocd from the above results, the liquid crystal compositions B, D. J and K havina a 
.y d by a decrease of layer inclination angle a on temperature decrease showed a smaller 
^■ndence of response time than the liquid crystal composition CS-1017 showing a monoto- 
; l£rer !nchnat ™ angle a, thus resulting in a remarkable difference in temperature factor 
provement in temperature-dependence of response speed was confirmed 
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3 =;t for comparing changes in display characteristics through a low-temperature storage test 
crysai compos.tion S having a controlled temperature dependence of s for improving a 
: nusncc of response speed. 

deuces were prepared in the same manner as in Reference Example 1 by using the 
Jq^o crystal compositions A to F and X except that 80 unvthick glass plates (available 
: -c •■!* were used instead of the 0.7 mm-thick glass plates and a polyimide resin 
-ve la - a from Toray K.K.) was used instead of the polyimide resin precursor QPS10 As 
crysial devices had the following characteristics: 
: :he alignment film: about 50 A, 
ihe. ceil: about 1 .2 urn, 
• : rooui 2 degrees, and 
;s: of-l-y state in C2 alignment 

* -'-s a^oye-prepared liquid crystal devices was subjected to measurement of layer 
, £ oarsr.i tilt angle da and contrast ratio C/R at 25 °C. 

:as ■ven-.ent of 6 . M and C/R at the above initial stage (i.e.. before storage at tow- 
i o" U -.s liquid crystal devices was cooled at a rate of 1 •C/minute to 0 «C and -30 •C 
nc... . r 15 mmutea at the same temperatures fj.e.. storage temperatures). Each of the' 
...as wa rmed at a rate of 1 TJfoninute from 0 "C and -30 °C to 25 «C. respectively and 
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then subjected to measurement of a, 0a and C/R at 25 °C (i.e., after storage at !ow-temperstur&). 

The result are shown in Tables 3-1 and 3-2 below. 
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As is understood fro n the above results, when the storage temperature was lower than TSS. the values 
of 5 and ea were changt i and the values of C/R were decreased, thus resulting in a deterioration m display 
characteristics of the Ik; id crystal devices. In these Examples and Comparative Examples, however, there 
were not observed a loca lization and a crystallization of the liquid crystal composition used and there were 
also not observed a strer k defect and a deviation of the darkest axis. 

Example 6 and Compart ive Examples 10 - 16 

An experiment for co mparing changes in display characteristics through a tow-temperature storage test 
in uniform slate in C1 all nment (C1 uniform alignment stats) was performed. 
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Blank ceils for lie Mid crystal devices were prepared in the same manner as in Reference Example 1 
except that 1.1 mm-rick glass plates were used instead of the 0.7 mm-thick glass plates and a polyimide 
resin precursor (LQ-1C02, available from Hitachi Kasei Kogyo K.K.) was used instead of the polyimide resin 
precursor SP-510. As a result, the blank cells had the following characteristics: 

5 Thickness of the n'.ignment film: about 250 A, and 
Thickness of the call: about 1.2 um. 

Then, each of the !;quid crystal compositions A to E and X was heated into an isotropic liquid, subjected 
to aging treatment for 5 hours at about 100 °C ) and was gradually cooled to prepare a liquid crystal device. 

The thus prepare:! liquid crystal devices were subjected to measurement of an alignment state and 
to values of a, © . da and 6. The liquid crystal devices using the composition A to D and X showed a CI 
uniform alignment sirs giving a high contrast in a temperature range of 10 to 55 °C. The liquid crystal 
device using the composition E showed a C1 uniform alignment state only in a temperature range of 30 to 
45 °C. Further, all the liquid crystal devices had a pretilt angle or of 18 degrees. Other results are shown in 
Table 4-1 below. 

16 

Table 4-1 



Angles (degrees) at 25 °C 


L.C. 


B 


C 


D 


X 




15.0 


15.0 


14.8 


145 


da 


11.0 


11.8 


11.6 


10.0 


5 


10.2 


10.3 


9.8 


92 



25 

The liquid crystal devices were subjected to the following low-temperature storage test 

Each of the liquic crystal devices was cooled from room temperature to 0 °C or -10°C at a rate of 1 

°C/min. ( ?eft standing or 200 hours at a dark place, and heated to room temperature at a rate of 1 *C/min. 

The liquid crystal dev ces were subjected to measurement of values of 0a and C/R and observation of a 
30 change of the C1 unit: rm alignment state before the cooling and after the heating, respectively, at 25 °C. 
The result are si ~ i wn in Tables 4-2 and 4-3 below. 
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As is apparent fro:n the above results, even in the C1 uniform alignment state, the values of 0a and C/R 
were not substantially changed when the storage temperature was higher than T5S. 

On the other hanc . when the storage temperature was lower than T*S, the values of fla and C/R were 
lowered and the chants of the C1 uniform alignment state was observed. These phenomena which were not 
observed in C2 splay alignment adversely affected display characteristics as a practical liquid crystal 
device. 

Examples 7-14 and Comparative Examples 17 and 18 

An experiment for comparing low-temperature storage properties was performed. 
Liquid crystal dev ces were prepared and evaluated in the same manner as in Example 8 except that 
the liquid crystai compositions F to I and X were used and the storage temperatures were changed from 0 
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oq and -10 °C to -10 D C end -30 °C, respectively. 

All the liquid crystal o vices showed a C1 uniform alignment state in a temperature range of about 10 to 
50 °C. Further, each of the temperature dependence of 5 with respect to the compositions F to I and X was 
shown in Figure 7. 

The results are shov, n in Tables 5-1 and 5-2 below. 
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As is understood from the above results and Figure 7, the liquid crystal compositions F to I having a 
specific temperature dependence of 6 as shown in Figure 7 provided an improved tow-temperature storage 
properties since the leyer structure of the compositions F to I was not changed from chevron structure to 
so bookshelf structure. Farther, the composition G provided a slightly larger da and a higher contrast than 
those before the storars test at -30 °C but did not adversely affected display characteristics as a practical 
liquid crystal device. 

Examples 15 - 17 and Comparative Examples 19-21 

55 " " 

An experiment for comparing low-temperature storage properties was performed by using the above- 
mentioned device stm* *re for measurement of a and directing attention to temperature dependence of a in 
a liquid crystal device ^ving the device structure. 
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Blank ceils for liquid crystal devices were prepared in the same manner as in Example 1 except that a 
oolyimide resin precursor LQ-1802 was used instead of the polyimide lesin precursor LP-64. 

Then, each of the liquid crystal compositions J. K and L was injected into the blank cell, subjected to 
aging treatment for 5 heirs at about 100 °C, and was gradually cooled to 25 *C to prepare a liquid crystal 
s device. 

The thus prepared liquid crystal devices were subjected to measurement of an alignment state and a 
value of a. The liquid crystal devices showed a C1 uniform alignment state and had a pretilt angle 5 of 19 
degrees. 

Further, the liquid ciyoial devices having the device structure for measurement of a provide the same 
to results as those o5 liquid crystal devices using a 1.1 mm-thick glass plates in respect erf an alignment state, 
an apparent tilt angle ea end a contrast ratio C/R. 

A temperature dependence of 5 with respect to each of the liquid crystal devices using the composi- 
tions J, K and L was shown In Figure 8. 

A low-temperature storage test was conducted in the following manner by using the above liquid crystal 
16 devices. 

Each of the liquid crystal devices was cooled to -10 °C and -30 °C at a rate of 1 °C/min., left standing 
for 24 hours, and heatec to 25 °C at a rate of 1 °C/min. The liquid crystal devices were subject to 
measurement of values of t?a and C/R and observation of a change of the C1 alignment state before the 
cooling and after tine hea'ins, respectively, at 25 °C. 
20 The results are show • :n Tables 6-1 and 6-2 below. 
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As is apparent from the ebove results, the values of 0a and C/R and •» C1*rm8«tt were not 
substantially changed when the storage temperature was higher than T«S or TtS ^ 

On the other hand when the storage temperature was lower than T«S. the values of 8a and Cm^dthe 
C1 Somen, s^were changed, thus resulting in deterioration in display characterises as a pracwal 

^ITonSod from the above Examples and Compare Examples, by using a *« . cn£ 
comS sL characterized by showing a temperature dependence of a ^^^^ TSTu 
inclination angle 5 increases on temperature decrease down to a med^te temperature prtOJ 
nTmum) ana decreases on temperature decrease below the rned^e temperatu re and d"*"£^n 
bvhavinQ a value of TiS lower than an ambient temperature at which the resultant l.qu.d crystal dev«» can 
Z u^J or intorage or not having TaS. it is possible to provide a liquid ^[^Z^Z^ ^ 
decreased temperature dependence and free from deterioration in d«play characteristics through a tow- 
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46 

As is apparent from the r bove results, the values of da and C/R and the CI uniform state were not 
substantially changed when tho storage temperature was higher than TaS or TBS was not observed. 

On the other hand, when the storage temperature was lower than US, the values of fla and OR and the 
so C1 alignment state were changed, thus resulting in deterioration in display characteristics as a practical 
liquid crystal device. 

As is understood from the above Examples and Comparative Examples, by using a liquid crystal 
composition characterized by showing a temperature dependence of a layer inclination 6 such that the layer 
inclination angle 5 increases on temperature decrease down to a mediate temperature (providing a 
55 maximum) and decreases on temperature decrease below the mediate temperature and also characterized 
by having a value of T5S lower than an ambient temperature at which the resultant liquid crystal device can 
be used or in storage or not hf-ving TaS, it is possible to provide a liquid crystal device (or apparatus) with a 
decreased temperature dependence and free from deterioration in display characteristics through a low- 
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10 



16 



temperature storage test apparatus), it i« understood that the 

rtlS SSt^i a temperature dependence of 5 such that • increases on 
TJZl deer as \So a mediate temperature (providing a maximum) and decreases on tempera- 
Srdac^f S tSe mediate temperature and then starts to increase again on further temperature 

common, a .iquid crystal device and a liquid crystal apparatus using the compoajon 
S device or apparatus can improve a temperature dependence of response speed and can effect a 
t^e^« in display characteristics free from a deterioration there* through a low-temperature 

^TiquS" crystal (composition) containing a ferroelectric liquid crystal shows a layer inclination angle S in 
smectic phase providing a specific temperature dependence. The inclination angle 5 increases ontemp^ 
Te decrease down to a mediate temperature and decreases on temperature decrease below the med^e 
temperature. The inclination angle a keeps a positive value in an ambierrttemperata 
again on further temperature increase before it reaches zero degrees. The l.qu.d c^ta^ (cwnpos,ton) .s 
usable for providing a liquid crystal device or apparatus with decreased temperature dependences ol driving 
conditions and improved low-temperature storage properties. 

20 Claims 

1. A liquid crystal composition comprising a ferroelectric liquid crystal and showing a layer inclination 
ancle s in smectic ohase. wherein the layer inclination angle 5 has a temperature dependence such that 
the laver inclination angle 5 increases on temperature decrease down to a mediate temperature and 
decreases on temperature decrease below the mediate temperature and then keeps a positive value in 

an ambient temperature range. 

2. A liquid crvstai comoosition comprising a ferroelectric liquid crystal and showing a layer inclination 
ancle s in smectic phase, wherein the layer inclination angle 5 has a temperature dependence such that 
the layer inclination angle 5 increases on temperature decrease down to a mediate temperature and 
decreases on temperature decrease below the mediate temperature and then starts to increase again 
on further temperature decrease before it reaches zero degrees. 

a A liquid crystal composition according to Claim 1. wherein the layer inclination angle S starts to 
35 increase acain on farther temperature decrease before it reaches zero degrees. 

4. A liquid crystal composition according to any one of Claims 1 to 3. wherein the layer inclination angle « 

shows a maximum- erf el most 20 < 



25 



30 



40 6. A liquid crystal composition according to any one of Claims 1 to 3. wherein the layer inclination angle 6 

shows a maximum of at most 15 r 



6. A liquid crystal composition according to any one of Claims 1 to 3. comprising at least one species of 

an Sndan-type compound represented by the following formula (I); 
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0> X 1- & 1- X 2- A 2- R 2 



GO 



55 



wherein 

!ii and Rz .:nde;:t!y denote hydrogen, 
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-0C-/~") . 

o 

hato gen or a linear or branched a.ky. group having 1 - capab.e of inching one or 

Spiring t*'° or more -OVgnups which can be replaced w* -0-. -S-. 

-co-, -oc-. -c- ( 

I I I 

0 0 0 

-CH = CH- or -OC-, the linear or branched alkyl group being capable of including hydrogen which can 

be replaced with fluorine; 

Xi and X> independently denote a single bond, -O-, 

-CO-. -0C-, 

1 A 

o o 



-CH 2 0- or -OCH2-; 
Ai denotes 



-o- #■ 



wherein Y, and Y 2 independently denote H. F. CI. Br. -CH,. -CF, or -CN; and X denotes 0 or S; 

A2 denotes a single bond or A2; and 
with the proviso thai A1 is not 



when X1 is -COO- and A 2 is a single bond. 
7. A liquid crystal composition according to Oaim 6. which contains 5 - 80 wt. % of an indan-^e 

compound of the forrr.u a (I), 
a A liquid crystal compos.** according to Claim 6. which contfns 10 - 80 wt. % o, an indan-tyoe 

compound of the formu'i (I), 
g. A liquid crystal composition according to Claim 6. which tata r comprises at .east one species of a 

pyrimidine-type compound represented by the fol.ow.ng formula 01): 
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5 



wherein Ra and Rb independently denote a linear or branched alkyl group having 1 - 20 carbon 
atoms capable of including one or non-neighboring two -CH2- groups which can be replaced with -0-. 



TO 



16 



20 



-CO- or -OC 

0 II 

o o 

and the -CH 2 - groups capable of including hydrogen which can be replaced with CI. F or -CF*; and m 

and n are 0, 1 or 2 rrdU the proviso that m + n = 1 or 2. 

10. A liquid crystal composition according to Claim 9, which contains 5 - BO wt. % of an indan-type 
compound of the formula (I) and 5 - 80 wt. % of a pyrimidine-type compound of the formula (II). 

11. A liquid crystal composition according to Claim 9. which contains 10 - 80 wt % of an indan-type 
compound of the formula (I) and 10 - 80 wt % of a pyrimidine-type compound of the formula 00- 

1Z A liquid crystal device, comprising: a pair of substrates and a liquid crystal disposed between the 
25 substrates, each of the substrates having thereon an electrode for applying an electric field to the liquid 
crystal composition: 

wherein the liquid crystal comprising a ferroelectric liquid crystal shows a layer inclination angle a 
in smectic phase, the layer inclination angle 5 having a temperature dependence such that the layer 
inclination angle s increases on temperature decrease down to a mediate temperature and decreases 
30 on temperature decrease below the mediate temperature and then keeping a positive value in an 

ambient temperature range. 

1a A liquid crystal device, comprising: a pair of substrates and a liquid crystal disposed between the 
substrates, each of the substrates having thereon an electrode for applying an electric field to the liquid 
35 crystal composition: 

wherein the liquid crystal comprising a ferroelectric liquid crystal shows a layer inclination angle a 
in smectic phase, the layer inclination angle 5 having a temperature dependence such that the layer 
inclination angle 5 increases on temperature decrease down to a mediate temperature and decreases 
on temperature decree below the mediate temperature and then starts to increase again on further 
40 temperature decrease '^ore it reaches zero degrees. 

14. A liquid crystal device according to Claim 12, wherein the layer inclination angle 6 starts to increase 
again on further ten j>: ature decrease before it reaches zero degrees. 

46 15. A liquid crystal device according to any one of Claims 12 to 14, wherein the layer inclination angle 6 

shows a maximum or t\ most 20 degrees. 

16. A liquid crystal device according to any one of Claims 12 to 14, wherein the layer inclination angle * 

shows a maximum ' 1 '. most 15 degrees. 

17. A liquid crystal devi-x* according to any one of Claims 12 to 14, wherein the liquid crystal comprises at 
least one species of r.r indan-type compound represented by the following formula (I): 



GO 



65 
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""^"and R2 independently denote hydrogen. 

o 

. . . ifl atoms capable of including one or 

-co-, -oc-. -c-, 
o 0 0 

-CH = CH- or -OC, the near or branched alKy. group being capable of including hydrogen «** can 

be replaced with fluorine: 

X, and X2 Independently denote a single bond, -O-. 

-co-, -oc-, 

* I 

o o 



-CH 2 0- or -OCH2-; Ai denotes 



^. ^- ^ O- O 



, ,. i-ito h f f 1 Br -CH* -CFa or -CN; and X denotes 0 or S; 

wherein Y, and Y 2 independently denote H. F. CI, Br, -CH,. n,r» 
Aa denotes a single t and or A2; and 
with the proviso tha: /.1 is not 

when X, is -COO- and H is a single bond. 
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«. A liquid crystal device according to Cairn 17. wherein the liquid crystal contains 5 - 80 wt % o. an 

indan-type compound of the formula (I). 

^ ^ r^im 17 wherein the liouid crystal contains 10 - 80 wt. % of an 

19. A liquid crystal device accord.ng to Claim 17. wherein tne uquiu «y 

s ' indan-type compound of the formula (I). 



10 



wh erein Ra and P, independent* denote a linear «. £££ » 
nc «,n a hte of including one or non-neighboring two -CH*- groups wh.cn can re p. 



16 

atoms capable of including one or 

-CO- or -OC 
1 I 

20 O O 



and the -CH 2 - groups capable of including hydrogen which can be replaced wrth CI. F or -CF,. and m 
as and n are 0, 1 or 2 wi'. s the proviso that m + n = 1 or 2. 

— -^^^ 

(II). 

30 ^ .„ ?o wherein the liquid crystal contains 10 - B0 wt. % of an 

22. A liquid crystal dev.ce according to Clam .20. where* me ij => p ^ 
indan-type compound of the formula (I) and 10 - 80 wt. % oi a py 
formula (II). 

liquid crystal; nivt<irrt that the liquid crystal shows a pretilt 

and «• ji has a temoerature dependence such that the layer inclination angle « 

the layer incimsticn angle « has a temperature oepc ^ decreases on temperature 

set r^rr^ivr^tsr^ - — — 

so range. 

M » • i^riSKtiss risss 



liqv id crystal; 

wherein the ;:qui ! "" 
anrr; c,a cone vol 



is placed in such an alignment state that » 
, a layer inclination angle i in amectic phase sat.sfy.ng relationships of. QJ>< 



45 
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TO 



a + 5 and or > 5; 

the liquid crystal is further placed in such an alignment stats that the liquid crystal molecules are 
oriented to at least two optically stable states which form an angle 20a therebetween (0a; apparent tilt 
angle), the apparent tilt angle fla and the cone angle © satisfying a relationship of. © > *a > 

an<j the layer inclination angle 5 has a temperature dependence such that the layer inclination angle 5 
increases on temperature decrease down to a mediate temperature and decreases on temperature 
decrease below the mediate temperature and then starts to increase again on further temperature 

decrease before it reaches zero degrees. 

25. A liquid crystal device s wording to Claim 23, wherein the layer inclination angle 5 starts to increase 
again on further tempera: ie decrease before it reaches zero degrees. 

2& A liquid crystal device according to any one of Claims 23 to 25. wherein the layer inclination angle 5 
76 shows a maximum of at most 20 degrees. 

27- A liquid crystal device according to any one of Claims 23 to 25. wherein the layer inclination angle 6 
shows a maximum of at nest 15 degrees. 

20 28. A liquid crystal device according to any one of Claims 23 to 25, wherein the liquid crystal comprises at 
least one species of an irr rn-type compound represented by the following formula (I): 



R 



25 M(^ X 1" A 1- X 2- A 2- R 2 < 1 > ' 



wherein 

30 Ri and Fb independc i - denote hydrogen, 



35 



40 



46 



50 



I 

o 

halogen, or a linear or b, — hed alkyl group having 1 - 18 carbon atoms capable of including one or 
non-neighboring two or raw?. -CH 2 -groups which can bo replaced with -0-. -S-. 

-CO-. -OC-, -C-, 

II II I 

O 0 0 

-CH = CH- or -OC-, the r i .ar or branched alkyl group being capable of including hydrogen which can 

be replaced wiih fluorine; 

X; and Xz indepenti/ i - denote a single bond, -O-. 

-CO-. -OC-. 

I I 

o o 



-CH 2 0- or -OCH2-; 
65 Ai denotes 
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®- <§h #■ i> O- 



10 



wherein Yi and Y 2 independently denote H, F, CI, Br. -CH 3( -CF 3 or -CN; and X denotes 0 or S; 
16 A2 denotes a single bond or Aa; and 

with the proviso that Ai is not 



20 



when X; is -COO- and Aa is a single bond. 

29. A liquid crystal device according to Claim 28, wherein the liquid crystal contains 5 - 80 wL % of an 

25 indan-type compound of He formula (I). 

30. A liquid crystal device according to Claim 2a wherein the liquid crystal contains 10 - 80 wt. % of an 

indan-type compound c ' tt\e formula (I). 

30 31. A liquid crystal device according to Claim 28, wherein the liquid crystal further comprises at least one 
species of a pyrimidine-type compound represented by the following formula (II): 



35 



40 



wherein Ra and i ndependently denote a linear or branched alkyl group having 1 - 20 carbon 
atoms capable of inducing one or non-neighboring two -CHa- groups which can be replaced wilh -O-. 



-CO- or -OC 
• i 

o o 

46 

and the -CH 2 - groups cs ^ble of including hydrogen which can be replaced with CI, F or -CF 8 ; and m 
and n are 0, 1 or 2 w: t; -j proviso that m + n = 1 or 2. 

so 32. a liquid crystal device cording to Claim 31. wherein the liquid crystal contains 5 - 80 wt % of an 
indan-type compound the formula (I) and 5 - 80 wt. % of a pyrimidine-type compound of the formula 

(II). 

83. A liquid crystal device according to Claim 31. wherein the liquid crystal contains 10 - 80 wt. % of an 
65 indan-type compound of the formula (I) and 10 - 80 wL % of a pyrimidine-type compound of me 

formula (II). 
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34. A liquid crystal apparatus, including; 

at least any one o; liquid crystal devices according to Claims 12 to 14, a driving circuit for the 
liquid crystal device, and a light source. 

5 35. A liquid crystal apparatus, including; 

at least a liquid crystal device according to Claim 15, a driving circuit for the liquid crystal device, 
and a light source. 

36. A liquid crystal apparatus, including: 

10 at least a liquid crystal device according to Claim 16, a driving circuit for the liquid crystal device, 

and a light source. 

37. A liquid crystal apparatus, including; 

at least a liquid crystal device according to Claim 17, a driving circuit for the liquid crystal device, 
15 and a light source. 

38. A liquid crystal apparatus, including; 

at least a liquid crystal device according to Claim 18, a driving circuit for the liquid crystal device, 
and a light source. 

20 

39. A liquid crystal apparatus, including: 

at least a liquid crystal device according to Claim 19, a driving circuit for the liquid crystal device, 

and a light source. 

25 40. A liquid crystal apparatus, including: 

at least a liquid crys^l device according to Claim 20. a driving circuit for the liquid crystal device, 

and a light source. 

41. A liquid crystal apparatus, including; 

30 at least a liquid crystal device according to Claim 21, a driving circuit for the liquid crystal device, 

and a light source. 

4Z A liquid crystal apparatus, including: 

at least a liquid crystal device according to Claim 22, a driving circuit for the liquid crystal device, 

35 and a light source. 

43. A liquid crystal apparatus, including: 

at least any one ol liquid crystal devices according to Claims 23 to 25 , a driving circuit for the 
liquid crystal device, and s. i^ht source. 

40 

44. A liquid crystal apparatus, including; 

at least a liquid cry**.! - evice according to Claim 26, a driving circuit for the liquid crystal device, 

and a Irght source. 

45 45. A liquid crystal apparatus, including; 

at least a liquid cry. la: device according to Claim 27, a driving circuit for the liquid crystal device, 

and a rght source. 

46. A liquid crystal opoaratu* , iVv'uding: 

so at least a liquid cry s al device according to Claim 28, a driving circuit for the liquid crystal device, 

and s !"ght source. 

47. A lie: crystal rr.-paratuv, including: 

at ieast a liquid cn ^ --evice according to Claim 29, a driving circuit for the liquid crystal device, 

55 and s r?ht source. 

48. A liq crysi^I ?.p;:araL \ ;!uding; 

r>t least a lic i ici cry : t. evice according to Claim 30, a driving circuit for the liquid crystal device, 
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and a light source. 

49. A liquid crystal apparatus, including; 

at least a liquid crystal device according to Claim 31, a driving circuit for the liquid crystal device, 
and a light source. 

50. A liquid crystal apparatus, including: 

at least a liquid crystal device according to Claim 32, a driving circuit for the liquid crystal device, 
and a light source. 

61. A liquid crystal apparatus, including: 

at least a liquid crystal device according to Claim 33, a driving circuit for the liquid crystal device, 
and a light source. 
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22(C 23(C2) * 22 

FIG. 2 
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33 31 




C1 ALIGNMENT ®+£>d 



F 16. 3A 




C2 ALIGNMENT ®-S>dL 



FIG. 3B 



51 



EP 0 671 856 A1 



W 
O 




CM 
O 



H01VH3N39 1VN9IS NVOS 



1 



\7 



mi MtJ^ 



€C I; , 

< I r 

* it 

LU 

CD 

_J 



e> r 
(7) ? - : 



_J ~ 

ui £ 
z o 

Q3 



ro 



o o 



52 



EP 0 671 966 A1 



to 
o 



< 

a: 

> 



ndo isoh 



3L 



65.. 

xm 



s 

Q 

a! 

cn 
Q 



1 



d 
< 

I'S 

IJ 

O 
-J 



O 

Q 
CL 





Ul 




or 


2 






-J 




zo3 


1 













o 
< 



fO 



CM 



CM 
O 



o 



'OdID "±N00 3AIMQ 



f-— J- — — |! - I 



- o = S < 



I 2 



L. 



3 "1VN9IS NIVOS i * 



LU » 

s o 

..1 

o 



ro 



k 



S2 



r 



EP 0 671 956 A1 




53 



EP 0 671 856 A1 



A 




TEMPERATURE CO 

FIG. 6 



54 



EP 0 671 956 A1 




FIG. 7 
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FIG. 8 
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